Melanin is a biopolymer implicated in the protection of cellular membranes and DNA produced by melanocytes. This pigment has a dual role and should be considered as a photo-protector and as a photosensitizer due to its interaction with UV. The design of multifunctional and biologically responsive coatings is of major interest in modern biomaterials science. The aim of this study is not only to characterize the deposition of multilayered polyelectrolytes films made from polydopamine particles and polyamines like poly-(L-lysine hydrobromide) (PLL), but also to evaluate melanoma cells activity in terms of proliferation and their capacity to stimulate melanin secretion. One could expect that the presence of a melanin like material in the film may have a positive or a negative feedback on the melanin biosynthesis and consequently on melanoma development. Some comparisons are also done with pure polydopamine grains in suspension in the cell culture medium, to investigate if the immobilization of the polydopamine grains has an influence on their bioactivity.
Introduction
The design of multifunctional and biologically responseve coatings is of major interest in modern biomaterials science [1] . Such coatings should be biodegradable and porous [2] and should display adequate mechanical properties since adherent cells are sensitive to the stiffness of their adhesion substrate [3] . Additionally, coatings useful for bio-applications should contain molecules able to be released in a progressive manner or some growth factors able to interact with the cells in contact with them [4] . Three of the most popular surface functionalization methods consist in the deposition of hydrogels [5] , of polyelectrolyte multilayer (PEM) films [6] or thin polydopamine films [7] [8] [9] [10] which are chemically and structurally close to natural melanin [11] , the natural pigment of skin.
Melanocytes have the ability to produce melanin. Melanin is a biopolymer implicated in the protection of cellular membranes and DNA. This pigment has a dual role and should be considered as a photo-protector and as a photosensitizer due to its interaction with UV [12] but has also been linked to Parkinson's disease characterized by loss of pigmented dopamine neurons in substantia nigra [13] .
Films made through spin coating of melanin particles are adequate for adhesions of neurons [14] . However polydopamine films, even if they are advantageous for secondary biofunctionalisation with molecules containing thiol or amino functionalities [15, 16] , are highly impermeable to ions [17] and molecules of higher molecular mass. Hence it would be advantageous to combine the intrinsic properties of polydopamine with those of hydrogels or PEM films. It has already been demonstrated that polydopamine particles produced through oxidation of dopamine in the presence of dioxygen as an oxidant can be deposited in alternation with a quaternary polyamine, namely poly(dimethyldiallyl ammonium chloride) (PDADMAC) [18] . Those films are permeable to small ions and they could be an ideal platform for bio-applications. The aim of this study is not only to characterize the deposition of PEM film made from polydopamine parti-cles and polyamines like poly-(L-lysine hydrobromide) (PLL), but also to evaluate melanoma cells activity in terms of proliferation and their capacity to stimulate melanin secretion. One could expect that the presence of a melanin like material in the film may have a positive or a negative feedback on the melanin biosynthesis and consequently on melanoma development. Some comparisons were also done with pure polydopamine grains in suspension in the cell culture medium, to investigate if the immobilization of the polydopamine grains has an influence on their bioactivity. The biological activity of the (PLL-dopamine) n PEM films was also compared with that of films not containing polydopamine but a negatively charged counterpart, poly(-L-glutamic) acid.
In addition to the interaction of (PLL-polydopamine) n films with melanoma, those films could find interesting use as water resistant adhesives because lysine and L-DOPA are the two major amino acids of the Mytilus Edulis Foot Proteins, Mefp 3 and Mefp 5 which are abundant at the extremity of the mussel byssus plaque [19] .
Materials and Methods

Materials
Poly(L-lysine)-hydrobromide (PLL, 30 kDa) and poly-L-glutamic acid (PGA, 54 kDa) were purchased from Sigma. Dopamine in the hydrochloride form was also from Sigma (ref H-8502) and was used without further purification. Dopamine was solubilized at 2 g·L −1 in 50 mM Tris buffer (Prolabo, France) at pH 8.5 and this solution was vigorously shaken (300 rpm with a magnetic stirrer) in an open air reactor during 24 h. This allowed to produce a suspension of polydopamine grains. These grains have been characterized by means of Transmission Electron Microscopy in a previous paper [20] . The obtained grains were highly anisotropic in their shape, displaying a disk like morphology with a lateral dimension of about 100 -300 nm and a thickness of only a few nm. To increase its colloidal stability, the suspension was titrated to pH 12 with a concentrated NaOH solution. Before the beginning of the deposition of each PEM film, the polydopamine suspension was diluted to a final concentration of 0.2 g·L −1 or too lower concentrations with 10 mM Tris buffer at pH 7.5 and complemented with 150 mM NaCl. No visible sedimentation of melanin grains occurred in these conditions. Unfortunately, these suspensions were too diluted in polydopamine grains to allow for a characterization by dynamic light scattering.
Polyelectrolyte Multilayer Film Preparation
For all in vitro experiments, PEM films were prepared on glass coverslips (CML, France) cleaned with 10 -2 M sodium dodecyl sulfate and subsequently with 0.12 N HCl for 15 min at 100˚C, and then extensively rinsed with deionized water. Glass coverslips were deposited in 24-well plates (Nunc, Danemark). Films having the nominal dipping sequence of (PLL-polydopamine) 5 or (PLL-PGA) 5 were prepared by alternated immersion of the pre-treated coverslips during 5 min in polyelectrolyte solutions (300 µL) at the concentration of 50 µg·mL −1 for PLL or PGA, and 200 µg·mL −1 for polydopamine in the presence of 10 mM Tris buffer at pH 7.5, complemented with 150 mM of NaCl. After each deposition step, the coverslips were rinsed one times for 5 min with 0.15 M NaCl 10 mM Tris at pH 7.5. All the films were sterilized for 30 min using UV light (254 nm). The adsorption duration of 5 min per dipping step was shown to be sufficient to reach a steady state surface coverage by means of Crystal Microbalance with Dissipation monitoring (QCM-D).
QCM-D
The deposition of the PEM films was monitored in situ with a quartz crystal microbalance using an axial flow chamber QAFC 302 (QCM-D, D300, Q-Sense, Göten-borg, Sweden). QCM works by measuring the resonance frequency shift (∆f) of a quartz crystal induced by polyelectrolyte or protein adsorption on to the crystal in comparison to the crystal in contact with buffer. Changes in the resonance frequencies were measured at the third (ν = 3), the fifth (ν = 5) and the seventh (ν = 7) overtones of the quartz crystal, corresponding to frequencies close to 15 MHz, 25 and 35 MHz respectively. As a first approximation, a shift in ∆f/ν can be related to a variation of the mass adsorbed to the crystal. This mass is made of the polyelectrolytes and the polydopamine, the ions eventually bound to the film and the water of hydration that is moved during the shearing motion of the piezolelectric quartz crystal. The Sauerbrey relation [20] :
relates the reduced frequency changes, ∆f/ν to the total mass bound to the crystal per unit area, . C is a proportionality constant characteristic of the crystal used (in our case: C = 17.7 ng·cm −2 Hz-1 as provided by the furnisher). Note that the Sauerbrey equation can only be used for films strongly adhering to the substrate. A good qualitative criterion for the validity of the use of Equation (1) is the superposition of the ∆f/ν signals for all the considered overtones. The details of the methodology applied in the present work were described elsewhere [21] .
The film thickness was calculated from the surface concentration calculated in Equation (1) and from the density of the multilayer film, , according to:
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3 ltilayer film.
Atomic Force Microscopy
The AFM topographical images were acquired using a Pico-SPM device (Molecular Imaging) at a constant resolution of 512 × 512 pixels over an area of 10 µm × 10 µm and with a frequency of 1 Hz. The film thickness was evaluated after needle scratching of the (PLL-polydopamine) 5 films and imaging the surface by scanning the cantilever in the direction perpendicular to the needle scratch.
Cell Culture
Murine melanoma cells (B16-F1) were maintained at 37˚C in a humidified air-CO 2 (5%) atmosphere in Dulbecco's modified eagle medium (D-MEM) with 4.5 g·L
D-glucose, L-Glutamine, and Hepes (Invitrogen) supplemented with 10% heat-inactivated fetal calf serum (FCS, Hyclone), 1 mM Sodium pyruvate (Invitrogen), 100 Um·L −1 of penicillin and 100 µg·mL −1 streptomycin (Hyclone). Cells were maintained at 37˚C in 5% CO 2 humidified atmosphere. Cells were treated with polydopamine particles in solution at different concentrations: 1, 5, 10, 25, 50, 100 or 200 µg·mL −1 and their proliferation and melanin secretion was compared to that of cells adhering to (PLL-PGA) 5 and to (PLL-polydopamine) 5 polyelectrolyte multilayer films.
Cellular Proliferation
AlamarBlue ® (Serotec) was used to assess cellular proli-feration. The AlamarBlue ® test is a nontoxic, water-soluble, colorimetric redox indicator that changes color in response to cell metabolism. In this study, 10,000 cells/well were seeded in 24 well plates in cell culture medium and incubated at 37˚C in a humidified air-CO 2 (5%) on the top of PEM-coated 14 mm diameter coverslips. The coverslips coated with either the (PLL-PGA) 5 or the (PLL-polydopamine) 5 films placed in 24-well plates. After 3 and 7 days of culture, the cells were incubated in 10% AlamarBlue ® /DMEM solution in a humidified atmosphere at 37˚C and 5% CO 2 . After 4 h, 200 µL of incubation media was transferred to 96-well plates and measured at 570 and 630 nm in order to determine the percentage of AlamarBlue ® reduction. After the lecture, the 10% AlamarBlue ® /D-MEM solution was removed and replaced with classical medium until the next measurement.
Melanin Assay
The melanin cells content was quantified after 3 or 7 days of incubation of cells with different PEM film architectures or after contact with polydopamine in solution. 10 4 cells/well were seeded in 24 well plates in cell culture medium and incubated at 37˚C in a humidified air-CO 2 (5%). The melanin supernatant was quantified after 3 and 7 days of incubation of cells. The absorbance of the supernatant was measured at a wavelength of 410 nm using an Elisa reader. Cell pellets were dissolved in 0.85 M KOH, 10% DMSO at 80˚C for 90 min. Optical absorbance was measured at 410 nm using an Elisa reader. Before each measurement the number of cells was evaluated by numeration in a Neubauer counting chamber. The absorbance was then normalized for each measurement to allow comparison between different culture conditions. The melanin content was evaluated according to a standard curve of melanin concentration. All experiments were performed at least three times, each yielding at least triplicate values. When the cells were put in presence of a solution containing polydopamine, the absorbance measurement corresponds to the absorbance of polydopamine and that of the melanin secreted by the cells. Indeed, polydopamine presents an absorption spectrum without peaks and very similar to that of melanin which is a black pigment [22] . This means that the absorbance red from the cells put in contact with the polydopamine solution corresponds to an overestimation of the amount of melanin secreted by the cells.
Immunoflorescence
B16-F1 cells were rinsed with PBS and fixed with 4% paraformaldehyde in PBS for 1 hour at 37˚C. The cells were then washed three fold during 10 min with PBS. After PBS washing, the cells were permeabilized, during one hour at room temperature, with PBS containing 1% BSA and 0, 1% Triton X100 (PBS-Tx). The cells were then incubated overnight at 4˚C with primary antibody diluted at 1/200 in PBS-Tx. After overnight incubation at 4˚C, the cells were washed with PBS three fold and incubated with a fluorochrome-conjugated secondary antibody diluted at 1/500 in PBS-Tx for 1 h at room temperature. AlexaFluor 488 goat anti-mouse (Invitrogen) was used as the secondary antibody. The cells were incubated with AlexaFluor 546-Phalloidin (Invitrogen) diluted at 1/100 for 20 min at room temperature, and counterstained with DAPI at 200 ng·mL −1 for 5 min at room temperature. They were then washed with PBS three fold during 10 min. The cells were covered with fluorescent mounting medium (Dako) and analyzed by fluorescence microscopy (Leica DM 4000B).
Results and Discussion
Deposition of Pem Films
The deposition of the (PLL-polydopamine) n PEM films was recorded in situ by means of QCM-D (Figure 1) . Within the experimental error, the normalized frequency changes, ∆f/ν, overlap for the different harmonics (ν = 3, 5, 7) of the shear waves propagating along the piezoelectric crystal (Figure 1(a) ). This means that the (PLL-polydopamine) n coatings behave as rigid films and that the Sauerbrey Equation (1) can be used to calculated the hy- drated mass of the film as well as the film thickness. The thickness of the (PLL-polydopamine) n coatings increases almost linearly with the number of layer pairs (i.e. one deposition of PLL followed by the deposition of one polydopamine layer) with an average thickness increment of 3.2 nm per layer pair. However a closer inspection of Figure 1(b) shows that polydopamine contributes more than PLL in the thickness increment of each deposited layer pair.
In addition, the (PLL-polydopamine) n films appear homogeneous and are made from distinct particles about 100 nm in diameter (Figure 2) . This size is in agreement with the size of polydopamine particles produced in solution upon oxygenation of slightly basic dopamine solutions and determined by means of transmission electron microscopy [20] . The thickness of the (PLL-polydoapmine) n films increases proportionally with the number of polycation-polyanion deposition cycles, n. This behavior is similar to that found previously for PEM films made from poly(diallyldimethyl ammonium chloride) and polydopamine [18] .
The thickness evolution and surface morphology of the (PLL-PGA) 5 films, used as a reference for the behavior of melanoma, has been published elsewhere [21] .
Cellular Proliferation
The proliferation of melanoma in solution decreases when the concentration of polydopamine in the cell culture medium increases (Figure 3) . The polydopamine used in this study is in the form of platelet like particles of about 100 -200 nm in extension and a few nm in thickness. The effect is more pronounced when the incubation time of the cells with the culture medium containing the polydopamine increases from 3 to 7 days. These data show that increasing dopamine concentration in the cell medium induces a pronounced reduction of their proliferation. On the other hand when polydopamine is present in the PEM films as the last deposited layer, hence with the possibility of the melanine-like material to be in direct contact with the cells, their proliferation is significantly enhanced with respect to the same cells put in contact with (PLL-PGA) 5 films (Figure 4) which are made from the same polycation, PLL, but differ from the polydopamine containing films with respect to the incorporated polyanion. This result means that contrarily to polydopamine particles present in solution, their immobilization on the surface allows for the melanoma to have a better proliferative behavior. It cannot be excluded that the positive effect of polydopamine is due to some enhancement of the mechanical properties of the (PLL-polydopamine) 5 film with respect to the soft (PLL-PGA) 5 film. It is well known that the behavior of cells on surfaces is not only dependent on the composition of that surface but also on its mechanical properties [3] . Indeed, one may expect the (PLL-polydopamine) n films to be stiffer than their (PLL-PGA)n counterparts owing to the establishment of covalent bonds between polydopamine and PLL [15] . The quantification of the mechanical properties of the (PLL-polydoamine) n films with colloidal probe AFM requires to produce thick coatings in order to avoid a strong influence of the rigid silica substrate. The mechanical properties of these coatings will be investigated in a forthcoming investigation.
Melanine Secretion
In the presence of polydopamine in solution, the secretion of melanin by the melanocytic cells is considerably amplified when the polydopamine concentration increases particularly in the supernatant and the more so for shorter incubation times of 3 days (Figure 5) .
However, after 3 days of culture, the secretion of melanin by melanoma cells adhering on (PLL-polydopamine) 5 films is significantly lower than on (PLL-P-GA) 5 films (Figure 6 ) even if the latter are less favorable than the former ones concerning the cellular proliferation (Figure 4) . This result shows that the presence of polydopamine, chemically and structurally similar to melanin, on the PEM films significantly hinders the secretion of melanin by the melanoma cells in presence of the films. This result holds true not only in the cell lysate but also in the supernatant. But after 7 day of culture the difference in melanin secretion by the cells in contact with the (PLL-polydopamine) 5 and the (PLL-PGA) 5 films decreases, even if it remains significant. These results could be explained by the limited size of our active nanoreservoir here (n = 5). In our group, we have shown that the mechanism by which the cells interact with our active films is the local degradation by cells. We have also reported that by increasing the size of our reservoir (n), we increase the activity [23] [24] [25] [26] [27] [28] [29] [30] . Finally, the morphology and organization of the melanoma cells adhering on both kinds of multilayer films was investigated with staining methods after 3 days (Figure 7 ) and 7 days (Figure 8 ) of culture.
Our results indicated clearly here that after 3 days of culture, melanocytics cells adhesion is clearly better onto (PLL-polydopamine) 5 days ( and morphology of these cells confirmed this tendency, which clearly means that (PLL-polydopamine) 5 film is greatly favorable to our murine melanoma cells adhesion and proliferation as we have observed earlier.
Clearly, our results show that dopamine is more favorable than glutamic acid and promotes good proliferation of these melanocytics cells.
To understand these results, we have also shown that in term of melanin secretio ction of melanin by melanoma cells. However, on the contrary, incorporation of polydopamine in LBL film seems to significantly reduce melanin secretion in comparison to the control film without polydopamine, which means that the inhibition effect of polydopamine on the melanin secretion is not only due to polydopamine sole presence in solution but also to its incorporated and immobilized form into the multilayered polyelectrolyte film. Indeed, incorporated into the LBL film, polydopamine would be directly internalized by melanoma cells N.J. is indebted to CHU de Nancy, Hôpital Central, th cells and polydopamine in solution is highly limited in comparison.
Conclus
As we have shown, polydopamine in so noma cells proliferation, it is not the case when polydopamine is incorporated into the LBL film; in contrast, cell proliferation is even higher than the control without polydopamine. However, in terms of melanin secretion, the polydopamine incorporation into the LBL film seems to significantly reduce the production of melanin by melanoma cells in comparison to the effect of polydopamine in solution.
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